Doctors who request imaging must be well trained in deciding whether diagnostic imaging is indicated and have an accurate knowledge of the associated risks. Although radiological doses are low and the chance of late effect is minimal, it should be kept as low as reasonably achievable. This cannot be achieved without a proper knowledge and adherence to safe practices. This cross-sectional study investigates the level of physicians' knowledge about radiation safety and their attitude towards radiation protection. A self-administered questionnaire, for radiation safety was sent to a purposive sample of 120 physicians at Suez Canal University Hospital. Eighty questionnaires were filled by participants (response rate; 66.7%). The sample included 22 radiologists, 15 oncologists, 25 surgeons and 18 orthopedists. Most participants did not receive any radiation safety-related training (88.8%). Radiologists and oncologists were exposed to ionizing radiation more frequently; however, their knowledge was as low as that of other physicians. The overall knowledge score ranged from 40% -60% (mean; 56.5 ± 15.2), with a low score among surgeons and orthopedics. The most deficient knowledge was in the dose of background radiation and the radiation dose received by patients in each type of radiation procedure. Adherence to safe radiation practices was violated by most of participants, especially surgeons and orthopedics, but they attributed it to the poor applicability of the protective measures during performing the procedures. This study concluded that physicians at the Suez Canal University Hospital had deficient knowledge, unsafe practices and negative attitude towards radiation safety policies & precautions.
Introduction
Diagnostic imaging and interventional radiological techniques are increasingly used to diagnose a wide range of injuries and diseases, and to give life-saving treatment for many diseases. The use of radiation in medical practices has evolved since its beginning and 30% to 50% of medical decisions are based on radiological examinations. However, it is still limited by its relevant hazards to patients and healthcare providers [1] [2] .
CT comprises 4% of examinations; it makes a 40% contribution to the collective dose of radiation Ionizing radiation causes genetic damage, which is linked to cancer induction, but this varies depending on the duration and the dose of exposure [3] [4] . The average radiation dose received annually by the public is 2.5 mSv, and 15% of them are related to medical exposures [1] . Among all radiological examinations, the doses of CT are the highest. The typical exposure dose for an abdominal CT is 9 mSv and that for one chest radiograph is 0.02 mSv [5] .
The dose of radiation given in any diagnostic procedure should be enough to answer the relevant clinical question, but as low as reasonably achievable to lower the risk to the patient [6] . Therefore, it is important that doctors who request imaging are well-trained in deciding the diagnostic imaging indicated, and have an accurate knowledge of the associated risks [7] . Unfortunately, the studies show that there is a widespread underestimation of radiation doses among pediatricians and physicians [5] .
An understanding of radiation safety principles and their application in practice are critical for all health care workers. However, misconceptions about radiation are common, causing fear and concerns that may negatively impact patient care [8] . Previous studies have shown that physicians tend to underestimate the risks to patients of radiation exposure [9] .
The level of awareness concerning radiation protection influences the staff behavior. If they have not enough information related to radiation safety, their action will not be safe and be resulted in adverse effects [10] . Our current challenges will not be to address new policies and procedures, but we need a better understanding of the frequency and causes of errors, particularly those that are most likely to cause harm. The goal is not to eliminate all errors; rather, we should focus our attention on conditions that can cause real harm, and/or those conditions that reflect systemic problems that may lead to errors more likely to cause harm [11] [12] .
A number of surveys concerning this issue have been conducted among health care professionals in America and Europe. Studies on African doctors' awareness of radiation dose are lacking. Therefore, it is extremely important to consider the safety of both the patient and the medical professional performing the radiological procedure. This study aims to assess physicians' knowledge, attitude and practices regarding radiation safety in Suez Canal University Hospital.
Materials and Methods
This cross-sectional study was conducted in Suez Canal university hospital, Egypt during August-September, 2015. Confidentiality and anonymity were maintained according to the regulations mandated by Research Ethics Committee of Faculty of Medicine Suez Canal University, in accordance with the Declaration of Helsinki.
Subjects
Recruitment was done by convenience sampling of all physicians exposed to ionizing radiation in radiology, oncology, surgery and orthopedics departments on a voluntary basis. The participants were informed that the results would be used only for a scientific study.
Questionnaire
A self-administered questionnaire was sent to all 120 eligible physicians and asked to fill and return it within two weeks (Appendix). They were asked about their duration of employment, training in radiation safety, exposure characteristics, knowledge, attitude and practices of radiation safety. The questionnaire was tested on 10 physicians in a pilot survey and we excluded these 10 physicians from the study.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences for windows (SPSS 18.0) descriptive statistics including frequency distribution, mean, standard deviation and percentages. Level of knowledge, attitude and practices were calculated as a percentage of correct answers in each section. Levels less than 50% were considered poor knowledge, unsafe practices or negative attitude.
Results
Eighty questionnaires were filled by participants (response rate; 66.7%). The participants included 22 radiologists, 15 oncologists, 25 surgeons and 18 orthopedists. The mean age of participants was 29.85 ± 3.84 years and ranged from 25 -40 years. Male physicians represented 81.3% of participants compared to 18.7% females. The mean duration of current employment among participating physicians was 5.85 ± 3.84 years; ranged from 1 -16 years ( Table 1) .
The majority of physicians (88.8%) didn't receive any radiation safety training, and 80.0% of them didn't use to read about radiation safety ( Table 1) . Fifty six physicians (70.0%) were exposed to ionizing radiation once/ week or more, while only 30.0% was exposed to ionizing radiation less than once/week ( Table 2) . Only 46 physicians (57.5%) were adherent to radiation protection policies, procedures and personal protective equipment (PPE). At least 52.5% of physicians thought that radiation protection policies, procedures and PPE were applicable and convenient while working. However, the 28 physicians (35%) were standing at a distance of two meters or less from source point without protection ( Table 2) .
Regarding physicians' knowledge, 60% correctly identified the background radiation equivalent dose and 63.8% correctly identified the radiation equivalent dose in chest X-ray. However, only 30.0%, 17.5%, 35.0% and 72.5% of physicians correctly identified the equivalent number of chest X-rays in different radiological investigations (X-ray, CT, MRI and Ultrasound respectively) ( Table 3) .
In Table 4 , 65% of physicians thought that policies and procedures for radiation protection in their hospital were clear and easily understood, while 61.3% thought they were confident about the radiation protection precautions. Forty seven physicians (58.8%) knew whom to contact if they have any questions regarding radiation protection, and 50.0% felt they can clearly explain precautions required for caring their patients and visitors. Moreover, only 27.5% felt safe while caring their patients needing radiological investigations, and 35% felt that policies and procedures in the hospital were based on up to date regulations. Finally, only 15% felt confident that their institution carefully monitor their exposure to radiation.
The mean knowledge percent score was 56.5 ± 15.2 and ranged from 40% -60%. 76.3% of physicians were classified as having poor knowledge, while only 23.7% was classified as having fair to good knowledge. Moreover, the mean attitude percent score was 46.9 ± 8.6 and ranged from 22% -65%. The greater proportion (76.3%) of participants had a negative attitude while only 23.7% had a positive attitude toward radiation safety policies and precautions in the hospital. On the other hand, the mean practice percent score was 59.3 ± 10.5; ranged from 35% -67%; 58.8% was classified as having unsafe practices while 41.2% was classified as having safe practices ( Table 5 ).
Discussion
The exposure to radiation from medical procedures has become a topic of recent public and scientific discussion.
Our study results align with previous studies that physician's knowledge and practice toward radiation exposure is poor [3] [5]. The physician should be knowledgeable on radiation protection properly protect themselves, the patients, and others around the patients. Our results show that only 11.2% of physicians received radiation safety training and only 20.0% of them read about radiation safety. A higher rate of the respondents (55%) had attended an education program in Europe about radiation safety and the attendance was highest in Poland (82.6%) [13] [14] . As regards exposure frequency, 37.5% of participants reported more than three times exposure/week. In a study conducted on urology residents in 20 different European countries, all of the participants reported that they were routinely exposed to ionizing radiation and 72.5% were exposed more than 3 times per week [13] .
Regarding physicians' knowledge, our study revealed that 60% of physicians correctly identified the background radiation equivalent dose and 63.8% correctly identified the radiation equivalent dose in chest X-ray. However, only 30.0%, 17.5%, 35.0% and 72.5% of physicians correctly identified the equivalent number of chest X-rays in different radiological investigations (X-ray, CT, MRI and Ultrasound respectively). In United Kingdom, 22% -24% of all physicians kwon the correct dose of a conventional adult chest radiograph [15] . However, in the study conducted by Shiralkar et al. no participant knew the correct dose [16] . In Germany, 59% of participants in a survey, estimated the dose of adult chest radiograph correctly and only 5% underestimating it [17] .
In Turkey, total of 41.4% of all participants and 46.3% of resident doctors underestimated the radiation doses [18] . While in China, all non-radiologists physicians cannot correctly state the radiation dose (in mSv) of a conventional chest X-ray, and 77% underestimated the dose of radiological examinations. For radiologists, only 32% were correct for the radiation dose of a conventional chest X-ray while 7% underestimated the radiation doses [19] . Underestimation of radiation dose means that physicians are not aware of the radiation risks and they are less cautious in offering radiation related investigations to their patients, which in turn may increase their unnecessary exposure [13] . Also, there are physicians failing to recognize that MR and US as radiation-free modalities, these alternatives to X-ray and CT may not be fully utilized in their practices.
According to the present study, physicians used lead aprons more than they did other PPE and only, 52.5% used lead gloves. The use of other measures, such as thyroid shields and eyeglasses were less frequent than expected. The results of Friedman et al suggest that the use of the body and thyroid shields was high (99% and 73%, respectively) and no one used lead-lined glasses and gloves [14] .
The mean knowledge percent score was 56.5 ± 15.2. About seventy-six percent of physicians were classified as having poor knowledge, while only 23.7% were classified as having fair to good knowledge. Moreover, the mean attitude percent score was 46.9 ± 8.6. On the other hand, the mean practice percent score was 59.3 ± 10.5 and 58.8% were classified as having unsafe practices. In Australia, the mean doctors' knowledge of patient radiation exposure from diagnostic imaging requested in the emergency department was 40% (95% CI, 38% -43%) [20] .
Many factors were contributed to the poor knowledge scores achieved in this study. The undergraduate never having formal training on this topic. The deficit of knowledge of basic scientific principles in postgraduate education and no organized continuous education in hospitals on radiation protection. In addition, there were inadequate availability of radiation safety equipment as radiation dose badges and this may be one of the major reasons for not using them. There was no regular monitoring of radiation exposure per year and therefore, it is difficult to assess the average radiation exposure in hospitals [21] [22] . We thought that the following solutions would improve the knowledge of physicians: 1) Provide a guide to good use of imaging tests; 2) Schedule continuing medical education on radiation protection in hospital practice; 3) Integrate in the initial medical training school, courses on radiation protection [23] [24] .
A limitation of this research is that it was a self-administered questionnaire based study; therefore, responders may have answered some questions after checking for the correct answers. The small number of responders (response rate; 66.7%) represent another limitation. Further studies with larger populations will provide further insights into this issue.
Conclusion
At Suez Canal University Hospital, physicians' knowledge and practices toward radiation safety related to radiological imaging are poor. Training programs can significantly improve doctors' awareness and knowledge in this aspect. I feel the institutional policies and procedures are based on current regulations. g) I feel confident the institution is carefully monitoring my radiation exposure. h) I feel that I will be called if I receive higher than normal exposures. i) I feel that working with patients receiving radiation will not affect my ability to have a child.
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